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© Improved body fluid transfer device. 

© A biomedical implantable shunt is provided hav- 
ing an enlarged generally circular pump body and a 
perforated distal and proximal catheter attached to 
said body. The catheters are intended to have ex- 
cess length so they can be cut to proper length as 
necessary to fit a specific patient. The pump body 
includes a vestibule at the outlet end directly con- 
nected to the distal catheter. A pair of one-way miter 
valves are provided within the pump body. The inlet 
valve is directly connected to the entrance provided 
for the proximal catheter while the outlet valve is 
positioned within the vestibule which is connected to 
the distal catheter. A longitudinal ridge is provided in 
the base member of the pump body with one end of 
the ridge positioned directly under the inlet valve to 
eliminate the possibility of the valve becoming seal- 
ed in the closed position during the pumping opera- 
tion. Additional longitudinal as well as transverse 
ridges can be provided in the base section as well 
as the interior of the pump dome to provide strength 
and rigidity within the pump body. The pump body 
portion of the shunt is formed as a one-piece interg- 
ral unit by means of injection molding. Two separate 
mold cores are provided which are cantilevered with 
the pump body core supported by the vestibule 
core. The vestibule core is in turn supported from 
the interior of the mold so as to hold both cores in 
proper position and alignment during the molding 
process. The inlet and outlet apertures for the proxi- 



mal and distal catheters respectively, are sized ac- 
cording to the elasticity and tear-resistance of the 
materials used in the molding process so that the 
cores can be extracted from the article without tear- 
ing or otherwise injuring the pump body material. 
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IMPROVED BODY FLUID TRANSFER DEVICE 



This invention is directed to a medical shunt for 
drainage of fluid from one cavity within the human 
body to another or to a reservoir or other site 
outside of the body, it is more specificically di- 
rected to a medical shunt consisting of a double- 
valved flexible pump with proximal and distal cath- 
eters for transferring pleural effusion liquid from the 
pleural cavity to the peritoneal cavity for the diffu- 
sion and reabsorption of excess pleurai fluids. 

The space between the visceral pleura 
(membrane surrounding each lung) and the parietal 
pleura (membrane lining the inside of the rib cage) 
normally contains a few milliliters of low-protein 
liquid, sometimes called pleural fluid. Normally this 
liquid is constantly being produced and absorbed 
and provides a lubricating function during the 
breathing process. 

Under certian abnormal conditions such as the 
presence of a malignant carcinoma, infection or 
inflammation the net flow of pleural fluid within the 
visceral and^ parietal pleura becomes unbalanced 
resulting in the rapid accumulation of fluid in the 
pleural cavity. The result of the accumulation of 
this fluid causes a pathological compression of one 
or both lungs causing considerable difficulty or 
prevention of the breathing process in either one or 
both lungs. This excess fluid condition, called pleu- 
ral effusion can cause the usual symptoms such as 
dyspnea, shortness of breath, chest pain and 
chronic cough. In the patient having lung cancer, a 
leading cause of pleural effusion, the fluid can be a 
major incapacitating feature greatly restricting the 
patient's activity, compromising his quality of life, 
and necessitating frequent hospitalizations for oper- 
ative drainage of the fluid or periodic aspiration by 
the use of a catheter or needle, with attending risks 
of infection, sepsis and other pathological con- 
ditions. 

The incidence of serious pleural effusion in the 
United States, as indicated by the number of hos- 
pital admissions where pleural effusion is the pri- 
mary diagnosis, is more than 250,000 per year. 

The traditional therapy for dealing with the ex- 
cess pleural effusion includes repeated thoracente- 
sis, surgical installation of a more or less perma- 
nent external drainage tube which leads the excess 
pleural fluid to a collection bag or reservoir outside 
of the body. In addition to the complete drainage of 
the pleural effusion, many times a sclerosing agent 
such as nitrogen mustard, atabrine or tetracycline 
is introduced to completely coat the visceral and 
parietal membranes so that these membranes will 
permanently adhere to each other to close and 
eliminate the pleural cavity. In this way the ac- 
umulation of fluid is prevented. This type of ther- 



apy produces pain and discomfort which can in- 
volve lengthy, repeated and costly hospitalization. 
This treatment frequently is accompanied by 
threatening or debilitating complications such as 
5 aggressive infections and loss of useful protein-rich 
body fluid. In addition this treatment has significant 
failure rates with respect to reducing the effusion 
itself. 

Because of these considerable drawbacks in 
10 the prior therapies, a shunting device which is 
shown and disclosed in United States Patent 
. 4,240,434 was developed to eliminate these types 
of problems. This device is a peritoneo-venous 
shunt which has perforated inlet and outlet cath- 
75 eters and a small roughly oval or cylindrical pump 
body having one or two valves to restrict liquid flow 
in only one direction. Although this shunt has 
worked well in certain situations it does not elimi- 
nate all of the problems which have been encoun- 
20 tered especially when it is used as a pieuro-perito- 
neal shunt. 

The Newkirk patent (U.S. 4,240,434 - men- 
tioned above) shows a peritoneo-venous shut which 
includes a perforated inlet catheter with an asym- 

25 metrical one-way valve attached to and contained 
within a small cylindrical pump body, a venous 
outlet catheter and a plurality of X-ray absorbing 
markers placed along the catheters for ascertaining 
their position within the patient by X-ray or 

30 fluoroscopic viewing. This device discloses a single 
asymmetrical flap valve which prevents the reverse 
flow of the drainage fluid. It has been found that the 
volumetric capacity of this, shunt design is in prac- 
tice insufficient when the device is used as a 

35 pleuro-peritoneai shunt. The assymmetrical con- 
struction of the flap valve provides a rubbing action 
which dislodges any particles from accumulating in 
the valve member which would tend to block the 
fluid flow or otherwise render the valve incompe- 

40 tent 

The Newkirk patent (U.S. 3,654,932) shows a 
different type of shunt, commonly used in 
hydrocephalic patients, which includes a small cy- 
lindrical pump body having a slit valve for restrict- 

45 ing the liquid flow in only one direction. The cross- 
sectional configuration of the pump body is oval to 
reduce the overall height of the shunt when placed 
subcutaneously within the head of the patient. 
Jhe Redmond, et al. patent (U.S. 4,464,168) 

so discloses a low profile shunt system which shows a 
resilient dome pump body having distal and proxi- 
mal catheter passageways. The pump body in- 
cludes a single disk-type one-way valve wherein 
the upper portion of the dome surface closes off 
certain passageways during pumping operation. 
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The structure of this valve and pump is consider- 
ably different than that shown and disciosed by the 
applicant. 

Another Redmond, et al. patent (U.S. 
4,364,395) shows a similar type of low profile shunt 
which utilizes a dome-shaped pump body having a 
diaphragm valve provided within the dome for clos- 
ing and cooperating with an inlet port area. 

The present invention is a decided improve- 
ment over the prior art shunt devices which have 
been described hereinabove and used in the past. 
The present invention is a shunting device for 
draining pleural effusion subcutaneously from the 
pleural cavity to the peritoneal cavity where it can 
be absorbed. The device consists of a perforated 
proximal catheter where pleural fluid enters the 
shunt device, a compressible pump affixed to and 
downstream from the proximal catheter and a per- 
forated distal catheter which leads the pleural fluid 
from the pump to the discharge site, usually within 
the peritoneal cavity. The ends of the catheters are 
cut at an acute angle to aid in the insertion of the 
catheters into the body cavities while the perfora- 
tions are provided well up on the catheters from 
the free ends. The ■ length of the catheters are 
intentionally left long so that the implanting surgeon 
can cut off the excess length at the time that the 
shunt is implanted. An integral longitudinal barium 
sulfate containing stripe incorporated in the wall of 
the catheters permit visualization by X-ray pho- 
tographs or fluoroscopy to confirm proper position- 
ing. 

The most important area with respect to the. 
present invention lies in the fluid pump which is 
intermediate to the proximal and distal catheters. It 
is extremely important to have a pump which will 
provide a considerable volumetric capacity while at 
the same time be capable of being subcutaneously 
implanted under the skin of the patient. Since the 
pump must be positioned over a rigid part of the 
body such as bone or cartilage in the rib cage, the 
size and shape of the pump body become critical 
to prevent tribonecrosis and pressure necrosis 
which can result from applying continuous pressure 
on the living tissues of the skin. Such pressure 
restricts or stops the supply of blood to the skin 
area causing the skin tissue to die. As a result of 
this condition abscesses and infection could be- 
come quite prevalent Any shunt device which 
causes this condition would be unusable and un- 
satisfactory for the intended purpose. 

in the present shunt it has been found that a 
truncated hyperbolic or partial dome configuration 
is quite desirable. This arrangement has produced 
unexpected useful results in that by making the 
upper portion of the pump flat and ail of the transi- 
tion lines tapered and filleted, subcutaneous com- 
pression stress on the skin tissue can be greatly 



minimized. At the same time the volumetric capac- 
ity of the pump can be maximized to increase the 
pump liquid flow for each pump cycle. This in itself 
is quite important in that the pump, manipulation by 
5 the fingers must be held to an absolute minimum 
in order not to abrade or abuse the skin tissue 
during the pumping process. Abrasion of the skin 
tissue during the pumping process would mitigate 
the usefulness of the device. Thus, the manipula- 
te tion pressure required to properly use the shunt, as 
well as the number of cycles that are required to 
eliminate the pleural effusion from the body cavity, 
are critical to the successful use and operation of 
the device. 

75 Consistent with the statements made above 
concerning the reduced stresses caused by the 
pump, the present device includes a tandem ar- 
rangement for two one-way, asymmetrical flap or 
miter valves. One valve is positioned at the inlet to 

20 the pump body at the entrance of the proximal 
catheter, with the second valve positioned diamet- 
rically opposite in a vestibule which is attached 
directly to the outlet distal catheter. Both valves are 
positioned in the same direction to provide a one- 

25 way flow path through the shunt device. The use of 
this type of vaive is desirable in that it allows flow 
through gravitational force or only minute pressure 
differentials to allow the fluid to flow naturally with 
spontaneous flow interruption in the opposite direc- 

30 tion. 

A plurality of individual tabs having an aperture 
therein or a narrow flange with a plurality of ap- 
ertures is provided around the outer circumference 
of the pump body for suturing the body in proper 

35 location during implantation. 

The method of manufacturing the shunt ac- 
cording to the present invention is novel from the 
standpoint that the pump body and its necessary 
cavities are molded into a substantially one-piece 

40 structure. A suitable silicon rubber such as Dow 
Coming Silastic (MDS144516) is used to form the 
pump body by means of injection molding. In this 
type of molding process a body core is provided to 
establish the internal hollow cavity provided within 

45 the main pump body. The small vestibule or cham- 
ber to support and protect the outlet valve is pro- 
vided at one edge of the pump body with a sepa- 
rate core forming the interior of this vestibule. This 
smaller core serves several critical functions. 

so The vestibule core is supported within the cav- 
ity of the separable mold by the use of a cylindrial 
support rod which also forms the outlet aperture for 
attaching the distal catheter. In addition a second 
rod extends out the opposite side of the vestibule 

55 core from the support tube and extends into the 
main area of the pump body. The main body core 
is slidably mounted on the second support rod and 
is keyed to the tube to hold it in aligned position 
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with the vestibule core and the mold itself. The 
second support rod is sized to provide the proper 
sized aperture for mounting the outlet miter valve. 
In this arrangement both the body and vestibule 
cores are cantilever supported and at the same 
time serve to support and position one another 
within the mold, with the core supports providing 
sorne of the molded features. 

Once the molding process has been complet- 
ed, the main body core is removed through an 
opening provided on the inlet side of the pump 
body. This opening is sized to allow the large body 
core to be extracted without tearing or stretching 
the side of the body beyond its elastic limit. The 
vestibule core is extracted in the opposite direction 
through the outlet opening which is also sized to 
permit this extraction without tearing or stretching 
the material at the opening beyond its elastic limit. 
Through this process a substantially one-piece 
flexible and reliable pump body is provided which 
will have an extended useful life far beyond that 
presently experienced in assembled prior art de- 
vices. 

It has also been found desirable with this de- 
vice to provide reinforcing ribs, longitudinal and 
possibly transverse, on the inner surfaces of the 
dome and flat base portion of the pump body. 
These ridges provide a useful stiffening of the 
dome and pump body. The added stiffness encour- 
ages the dome to quickly return to its original 
configuration during pumping, thereby hastening 
the pumping operation and also reducing the prob- 
ability of inducing cracks and splits in the wall of 
the pump body. In addition it has been found 
desirable to provide a longitudinal ridge on the 
upper surface of the base portion directly below 
the inlet valve to prevent the inner surfaces of the 
pump dome and base from sealing against the 
miter valve which in turn prevents entrance of fluid 
on the intake portion of the cycle which may render 
the pump inoperable. Such a ridge also serves to 
beneficially stiffen the base of the pump body. 

This invention will be more readily understood 
from a reading of the following specification and by 
reference to the accompanying drawings forming a 
part thereof, wherein: 

Figure 1 is a perspective view of the pleuro- 
peritoneal improved shunt according to the present 
invention showing the proximal and distal catheters 
shortened for illustrative purposes; 

Figure 2 is a top view of the pump body; 

Figure 3 is an end view showing a vestibule 
for the outlet valve; 

Figure 4 is a cross-sectional view of the 
pump body taken along lines 4-4 of Figure 2; 

Figure 5 is a cross-sectional view of the 
pump body taken along lines 5-5 of Figure 4; 



Figure 6 is a cross-sectional plan view 
. through the pump body taken along lines 6-6 of 
Figure 4; and 

Figure 7 shows a pictorial view of the pump 
5 body with the dome compressed showing fluid 
outlet flow. 

Turning now more specifically to the drawings, 
Figure 1 shows a drainage apparatus or shunt 10 
according to the present invention which includes a 
70 truncated hyperbolic or domed pump portion 12 
having an outlet vestibule 14, proximal inlet cath- 
eter 16 and distal outlet catheter 18. The catheters 
16, 18 are formed from tubular silicon rubber which 
is medically compatible for implantation in the hu- 
ts man body. The diameters of the catheters can be 
of any suitable size such as within the range of 
one-eighth to one-half inch. The catheters during 
the original manufacture are usually one to two feet 
in length which is intentionally long so that the 
20 shunt can be used on any patient regardless of his 
size. 

The catheters are perforated by forming a 
number of holes usually diametrically through the 
catheter with every other hole approximately 90° to 

25 the previous hole in order to form a staggered hole 
pattern for at least six inches along the outer end 
of the catheters. The positioning and sizing of the 
holes allows the holes to remain open within accre- 
tion forming which could block fluid from entering 

30 the lumen of the catheter. Usually the perforated 
portion of the distal catheter is about twice the 
length of the proximal catheter to allow a sufficient 
number of holes to remain after the catheter has 
been properly sized. 

35 Tabs 26 having apertures 28 are spaced ar- 

ound the circumference of the pump body 12 
which allows the pump to be sutured into place 
subcutaneously to hold the pump in a secured 
position thereby preventing it from moving signifi- 

40 cantly. The final positioning of these tabs can be 
arranged to substantially fit the anticipated implan- 
tation area on the patient. It is also possible to have 
a narrow circular outer flange extending around the 
circumference of the pump body 12 with a number 

45 of holes or apertures provided in this flange to 
serve the same purpose as the tabs. 

The pump body 12 is intended to have a low 
profile and is formed by truncating a hyperbolic 
dome. This portion is usually formed by a unique 

so injection molding process which allows the struc- 
ture to be formed in essentially three portions, 
namely, the domed portion 30, outlet vestibule 32 
and inlet connector 34. While the central domed 
body portion 30 and vestibule 32 are formed as an 

55 integral unit the connector 34 is formed as a sepa- 
rate unit having a short extension or boss 36 which 
mates with an opening 38 provided in one end of 
the domed body 30. A central passageway 40 
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provided in the connector 34 allows the insertion 
and permanent attachment of the end 42 of the 
proximal catheter 16. The vestibule 32 at the op- 
posite end of the body 30 has an aperture 44 
which is sized to fit the outer diameter of the distal 
catheter 18. Through the aperture 44 the catheter 
18 is permanently attached to the pump body 12. 

The central body portion 30 is formed so as to 
have a generally flat base or planar section 46 and 
a dome shaped upper portion 48. The base section 
46 is relatively thick having a thickness of approxi- 
mately 3 millimeters. This dimension is approxi- 
mately twice the thickness of the upper section 
forming the dome of the pump and is provided to 
lend rigidity and support to the overall pump struc- 
ture. A chord line 50 te provided around the upper 
section of the dome 48 with the inner portion 52 of 
the dome within the chord line relatively fiat and 
substantially parallel to the base 46. This flat area 
52 forms a truncated section which reduces the 
overall height and minimizes the side profile of the 
pump section. This is a very important feature of 
the present invention in that it reduces the pressure 
which is placed on the internal tissues of the skin 
which prevents the necrosis of the adjacent skin 
due to constant pressure being applied by the 
raised pump section. This lowered profile also 
minimizes and substantially eliminates the tenden- 
cy for tribonecrosis which has been found to be 
caused by a subcutaneously implanted untrucated 
ome, making this invention a much more accept- 
able device for use with many types of patients. 

In order to provide the required one-way flow 
of liquid through the pump body two valves 60, 62 
such as asymmetrical, fiat or miter type valves are 
provided. Valves suitable for this purpose are 
shown and described in United States Patent 
4,240,434. For illustrative purposes the inlet valve 
60 will be described with the understanding that 
the outlet valve 62 is formed in essentially an 
identical manner. 

The end 42 of the proximal catheter 16 is cut 
at an angle of approximately 45° to the catheter 
axis. The one-way valve 60 is formed of soft, 
flexible, biocompatible material such as low duro- 
meter silicon rubber sheet consisting of two halves 
70, 72. These two halves are joined, such as by 
cementing along the outer longitudinal edges, to 
form a fiat, tubular section. It is also possible to 
mold this valve section as a one-piece flat, tubular 
portion wherein the two halves are molded together 
during the manufacturing process. One end of the 
valve section is positioned over the angled end 42 
of the proximal catheter 16 and is cemented ar- 
ound its perimeter to the outer surface of the end 
42 making a permanent bond. In this way the valve 
body 66 has an open end on the left side with the 
ends on the right side positioned adjacent to each 



other and in contact. Because of the mitered or 
angled cut provided on the end 42 of the catheter 
16 the halves 70, 72 of the valve have different 
lengths and different prestressed tensions which 

s provide a different rigidity in the separate halves. 
Thus, this type of valve is self-cleaning in that a 
rubbing movement occurs during reverse fluid 
pressure application. 

The vestibule 32 is usually formed diamet- 

io rically opposite the position of the inlet catheter 16 
and valve 60. It is to be understood, however, that 
it is. not necessary for the vestibule to be posi- 
tioned diametrically opposite but it can be actually 
formed at any location around the circumference of 

75 the pump body 12 such as adjacent to the inlet. It 
is also possible that more than one vestibule and 
outlet valve can be provided along with a cor- 
responding outlet and distal catheter for each vesti- 
bule. By the same token, it is 'possible to have 

20 more than one inlet valve and catheter depending 
upon the number and location fo the cavities to be 
drained. 

The asymmetrical one-way outlet valve 62 is 
formed essentially the same as the inlet valve 60. 

25 A small section of tubing 74 is provided with one 
end cut off at approximately a 45 angle. A flat 
tubular section is formed from halves 76, 78 and 
the tubing 74 is bonded within the left end of the 
valve formed by the halves 76, 78. The end of the 

30 rod 74 and the outer valve sections are positioned 
flush at the left edge. This valve is then inserted 
into the aperture 80 which is formed in the wall 
portion between the vestibule 32 and the pump 
body 30. A recessed shoulder 82 is provided ar- 

35 ound the perimeter of the aperture 80, which shoul- 
der is to be filled with adhesive in order to perma- 
nently bond the valve 62 to the inside of the 
sidewall of the pump body 30. The end of the 
distal catheter 18 is inserted into the aperture 44 

40 formed in the outer end of the vestibule 32 to 
complete the outer structure of the liquid-tight 
pump body 12. 

As can be seen in Figure 5, a cavity 86 is 
formed between the base member 46 and the 

45 upper dome member 48 of the pump body 30. 
Within the cavity 86 and formed longitudinally 
across the inner surface of the base member 46 is 
an elongated ridge 88. This ridge 88 can extend 
the full length of the body cavity 86 or can be 

so limited to a shorter distance so long as a portion 
extends under the inlet miter valve 60. It is in- 
tended that this ridge will extend upwardly to but 
be slightly spaced from the lower half 72 of the 
valve 60. It is important that this ridge 88 extend 

55 under but does not touch the valve 60 when the 
latter is in its relaxed position. It is desirable in 
order to improve the reliability of the operation of 
the valve 60 to prevent the valve from becoming 
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scaled between the base member 46 and the in- 
side surface of the dome member 48 during com- 
pression of the dome during a pumping cycle. As 
shown in Figure 7 the upper portion of the dome is 
partially inverted during the pumping cycle with the 
inlet valve 60 closed thus forcing the internal fluid 
out through the outlet valve 62 and the distal cath- 
eter 18 as shown by the arrows. 

It is possible to provide additional longitudinal 
ridges 90 on the base member 46 as well as 
providing longitudinal ridges 92 in the interior sur- 
face of the upper dome section. These ridges are 
provided to add additional rigidity to the base 
member 46 as well as adding additional rigidity, 
strength and resilience during flexing of the dome 
portion 48 as seen in Figure 7. Since the dome 
portiion 48 must flex inwardly, striving to return to 
its normal position, the upper longitudinal ridges 92 
provide additional strength and stiffness in the lon- 
gitudinal direction to aid in restoring the dome 
member 48 to its original raised position. This 
action is quite important during the operation of the 
pump in that this restoring movement causes a 
reduced pressure within the cavity 86 which draws 
liquid through the proximal catheter 16 and the 
valve 60 to fill the cavity in preparation for the next 
pump cycle. 

It is also possible to provide transverse ridges 
94 in the upper portion of the dome section 48 to 
provide transverse rigidity to the dome. By the 
same token, transverse ridges can be provided on 
the inner or outer surface of the base member 46 
to add additional strength to that member. 

It is to be understood that this medical shunt 
can be used and positioned to withdraw fluid from 
any cavity within the body with the effluent from 
that cavity being dispersed to any other cavity in 
the body where it can be dissipated or to a reser- 
voir outside of the body, if desired. If this device is 
utilized as a pleuro-peritoneal shunt, wherein the 
effusion is withdrawn from the pleura! or chest 
cavity, the pump body is normally positioned sub- 
cutaneously under the patient's skin and on top of 
the fifth or sixth rib. The proximal catheter is in- 
tended to be properly sized for length with the end 
cut at an acute angle such as 45° to the catheter 
axis and' the catheter inserted through a short tun- 
nel fabricated through an incision to introduce the 
catheter usually by a J-wire insertion needle into 
the pleural cavity at the most superior and pos- 
terior portion. The intent is to position the free end 
of the proximal catheter in the lowermost portion of 
the cavity so that most of the fluid collecting in the 
cavity can be drained. The pump itself is secured 
to the muscular fascia by sutures positioned in the 
suture holes 28 in the tabs 26 provided on the 
perimeter of the pump 12. The distal or outlet 
catheter is inserted into the peritoneal cavity by 



insertion through a tunnel formed through the ab- 
dominal muscle from the main incision. The distal 
catheter is also sized for proper length prior to 
insertion with the end of the catheter severed at an 

5 acute angle to aid in the insertion. 

With the novel drainage apparatus 10 provided 
in the present invention it is possible to move 
relatively large volumes of liquid as digital pressure 
is applied to the flat top portion 52 of the pump 12. 

w By pushing this section inward so that the dome 
member 48 contacts the ridges 88 and 90 provided 
on the surface of the base member 46 maximum 
volumetric displacement is obtained. By providing 
a pump having the following dimensions it is possi- 

75 ble to move 10 milliliters or more of fluid in each 
. pump cycle rather than the one or two milliliters 
which have been possible in the past. Thus, the 
use of the shunt according to the present invention 
makes it possible to reduce the number of pump 

20 cycles required by as much as 80% which greatly 
protects the patient and reduces the possibility of 
abrasion or injury to the skin during the pump 
manipulation. 

Through experimentation an optimum size of 

25 pump body has been found. This configuration 
provides a diameter of approximately 50 millime- 
ters with a height of approximately 22 millimeters. 
The base member has a thickness of 2.5 'millime- 
ters with the thickness of the dome member ap- 

30 proximately 1 .25 millimeters. The width of the ribs 
formed in the under size of the dome member 48 
or the top surface of the base member 46 can vary 
from approximately one-half to one and one-half 
millimeters. It has been found that the proximal and 

35 distal catheters can have an outside diameter of 
approximately five millimeters with an inside diam- 
eter of approximately 1.5 to 2.5 millimeters. The 
vestibule section has a length of approximately 
16.5 millimeters, height of approximately 10 mil- 

40 iimeters and a width of 17 millimeters. As stated 
above, the volumetric capacity of a pump having 
these dimensions is approximately 10 millileters 
per pump cycle. 

It hs been found during the manufacture of this 

45 device that the molding process used for fabricat- 
ing the pump body of the drainage apparatus is 
quite novel. It is desirable to form or mold the 
pump body as an integral unit in order to produce 
the part efficiently, to eliminate seams and sharp 

so corners, and to reduce the possibility of fracturing 
or splitting the material due to fatigue. As a result it 
was found necessary to injection mold the pump 
body in a unique process utilizing a cantilevered 
double core arrangement. An injection mold was 

55 formed having an internal cavity with shape and 
dimensions as required for the outer configuration 
of the pump body and providing minimum dimen- 
sional tolerances. The outer surfaces of the unit 
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must include fillets wherever two surfaces meet at 
an angle to reduce stress concentration and to 
improve reliability. 

In order to form the base member 46 and 
dome member 48 a primary mold core is provided 
having outer dimensions to form the interior cavity 
86. At the same time a smaller or vestibule core is 
provided which has dimensions to follow the inte- 
rior cavity 87 of the vestibule 14. A cyclindrical 
support rod having an outside diameter the same 
as aperture 44 is used to position and support the 
vestibule core within the mold cavity. In the same 
way a second rod having an outside diameter 
matching the aperture 80 is fixedly provided in the 
opposite side of the vestibule core and arranged 
long enough to slidably extend into an aperture 
provided within the pump body or primary core. 
Through a key arrangement between the rod and 
primary core, the primary core is held precisely 
within the interior moid cavity. In this way the pump 
body core is held in a rigid cantilevered position 
with respect to the vestibule and the outer support 
rod, thereby providing mutual support for the pump 
body and vestibule cores. 

The mold is then closed and thermo-settable 
silicon rubber is forced into the mold and partially 
cured. After allowing the silicon rubber to set and 
partially cure the outer mold sections are separated 
and the shunt body is released from the mold. The 
vestibule core is extracted from the molded article 
through the opening 44 by carefully stretching the 
rubber in this area. The rod forming the aperture 
80 slidably separates from the primary core with 
the two rods and vestibule core extracted carefully 
from the outlet opening in the vestibule. Once this 
has been accomplished the primary core is care- 
fully extracted through the aperture 38 formed on 
the opposite side of the pump body from the 
vestibule. The aperture 38 is sized, depending 
upon the elasticity of the silicon rubber used, so 
that it will stretch sufficiently and without tearing to 
allow the safe removal of this core through the 
aperture. The connector 34 is molded separately 
from the pump body and is sized to fit the required 
aperture. In this way a substantially integral pump 
body is molded essentially as a one-piece unit 

This process of manufacturing is a vast im- 
provement over the previous shunts that have been 
available in the past in that most of the previous 
articles have been fabricated from various individ- 
ual pieces with the pieces cemented together to 
form the finished shunt device. Wherever the var- 
ious pieces have been joined together that inter- 
face provides an area of possible separation which 
can threaten the reliability of the article and there- 
fore the health and safety of the patient. Accord- 
ingly, the one-piece integral construction as pro- 
vided in the present invention greatly improves the 



reliability and durability of the final product. 

The shunt, according to the present invention, 
can be fabricated from any suitable silicon rubber 
material which is biologically compatible with the 

5 human body such as Dow Coming "Silastic". A 
suitable silicon rubber adhesive is used for cement- 
ing the parts of the pump together as well as for 
attaching the proximal and distal catheters. The 
dimensions which have been provided herein are 

io directed to a preferred embodiment. These dimen- 
sions, however, can be varied as required and be 
sized for a particular patient. Thus, specially sized 
shunts according to the present invention can be 
provided if the intended patient is larger or smaller 

75 than normal or if the shunt is intended for a dif- 
ferent usage such as bladder evacuation or for the 
controlled infusion of fluids into the body. 

While a medical shunt for implantation in a 
human body has been shown and described in 

20 detail in this application, it is to be understood that 
this invention is not to be considered to be limited 
to the exact form disclosed. Changes in the detail 
and construction of the shunt may be made without 
departing from the spirit thereof. 

25 

Claims 

1. A body fluid drainage apparatus such as a 
30 pleuro-peritoneal shunt which is implantable' sub- 
cutaneously within a patient and operated by pres- 
sure applied through the skin of the patient, the 
drainage apparatus comprising: 

a) a resilient pump body means having a 
35 relatively large internal volumetric cavity, said 

pump body means having a relatively flat base 
means and a hollow dome means which is sealin- 
gly attached around its perimeter to said base 
means, the upper portion of said dome means 

40 being truncated to form a relatively flat upper sur- 
face which is substantially parallel to said base 
means so as to reduce the overall height of said 
dome means in order to mitigate stresses applied 
. to the skin of a patient, said pump body means 

45 having an inlet and an outlet opening, the outlet 
opening being formed as a hollow vestibule means 
formed in the side of said dome means; 

b) a pair of one-way valves positioned within 
said pump body means, one of said valves being 

so mounted in said inlet opening with the second 
valve mounted within said vestibule means where- 
by liquid flow can only be moved through said 
body means from said inlet thorugh said outlet 
openings when the pressure difference across the 

55 device is sufficient to cause both valves to open or 
when the dome means is compressed toward the 
base means during a pumping cycle; 
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c) a flexible semi-rigid catheter for implant- 
ing in a body cavity of a patient which has excess 
fluids, said catheter having an open end and a 
substantial portion of said catheter adjacent to said 
open end being perforated to facilitate entry of the 
excess fluid into the pump body means, the op- 
posite end of said catheter being sealingly attached 
to the inlet opening in said pump body means; and 

d) a second flexible semi-rigid catheter for 
implanting into a second body cavity to which the 
fluid is to be transferred, said catheter having an 
open end and a substantial portion of said catheter 
adjacent said open end being perforated to facili- 
tate exit of the fluid from said pump means, the 
opposite end of said catheter being seaiingly con- 
nected to the outlet opening of said vestibule 
means to allow the fluid to pass out of said pump 
body means and into the second body cavity. 

2. A drainage apparatus as defined in Claim 1 
wherein said pump body means and both catheter 
means are formed from a pliable silicon rubber. 

3. A drainage apparatus as defined in Claim 1 
or claim 2 wherein said one-way valves are miter 
valves which include a top and bottom portiion 
having different mechanical characteristics so that 
superior external pressure depresses one half more 
than the other so as to provide a differential move- 
ment of the flattened adjoining halves of the valve 
to provide a rubbing action to aid in preventing the 
valves from becoming clogged. 

4. A drainage apparatus as defined in Claim 3 
wherein a ridge is formed on the inner surface of 
said base means and at least a portion of said 
ridge is positioned under the bottom portion of said 
inlet miter valve. 

5. A drainage apparatus as defined in any one 
of claims 1 to 4 wherein one or more ridges are 
formed on the inner surface of said base means to 
add rigidity and stiffness to said base means for 
improving the operation of said pump body means. 

6. A drainage apparatus as defined in any one 
of claims 1 to 5 wherein one or more ridges are 
formed on the inner surface of said dome means, 
said ridges being aligned substantially longitudi- 
nally along a line between the inlet and outlet 
openings whereby the strength and support of the 
dome means is increased to allow the dome means 
to return to its original position after being com- 
pressed in the pumping cycle of said pump body 
means. 

7. A drainage apparatus as defined in any one 
of claims 1 to 6 wherein said base means and 
dome means are formed substantially in a circular 
configuration having a diameter which is within the 
range of 40 to 60 millimeters and an overall height 
of between 20 to 24 millimeters. 



8. A drainage apparatus as defined in Claim 7 
wherein the dimensions within the interior of said 
base and dome means are selected so that a 
minimum of 10 milliliters of fluid is moved through 

5 the outlet opening of said pump body means upon 
each compression of said dome means. 

9. A drainage apparatus as defined in any one 
of claims 1 to 9 wherein attaching means is se- 
cured to the outside perimeter of said base means 

70 for securing and holding the apparatus in proper 
position within a patient by sutures. 

1 0. A drainage apparatus as defined in Claim 9 
wherein said attaching means includes one or more 
outwardly extending tabs which are spaced around 

is the perimeter of said base means, each of said 
tabs having a hole provided centrally therein for 
•suturing the apparatus into place. 

11 . A drainage apparatus as defined in any one 
of claims 1 to 10 wherein the flat upper surface of 

20 said dome means has a dimension which is greater 
than one-half of the dimension of said base means. 

1 2. A drainage apparatus as defined in any one 
of claims 1 to 11 wherein the thickness of said 
base means is at least twice the thickness of the 

25 sidewall of said dome means. 

13. A drainage apparatus as defined in any one 
of claims 1 to 12 wherein said dome means, base 
means and vestibule means are molded as -a single 
one-piece intergral unit, the inlet opening into said 

30 dome means being formed as a relatively large 
inlet aperture, and a connector means having a 
through passageway formed therein, said connec- 
tor means being adhesively mounted in said inlet 
aperture to close said aperture, and said inlet cath- 

35 eter is fixedly attached to the outer portiion of the 
passageway in said connector means while the 
inlet one-way valve is connected to the inner por- 
tion of said passageway in said connector means 

14. A process of making a medical shunt hav- 
40 ing inlet and outlet catheters and a pump body 

portion interconnecting said catheters, said pump 
body portion having a main hollow chamber and a 
vestibule chamber connected thereto; said process 
including the steps of: 
45 a) forming a cavity within a separable mold 

having the dimensions and configuration of the 
outer surfaces of said pump body portion, 

b) positioning and supporting a vestibule 
core on a rod member mounted in a proper posi- 

50 tion within the cavity of the mold; 

c) positioning a second support rod in the 
inner end of said vestibule core to form the open- 
ing between the' vestibule cavity and the dome 
cavity within said body portion, 

55 d) providing a second core having the di- 

mensions and configuration of the inner cavity of 
said body portion and slidably positioning said 
body core on the second support rod of said vesti- 
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bule core whereby said body core is cantilevered 
and supported in proper position within the cavity 
of the mold; 

e) filling the voids within said mold with a 
flexible, settable biocompatible material which will s 
fill said mold cavity and surround said plurality of 
cores to form a one-piece integral pump body • 
portion for a surgically implantable shunt; and 

f) removing said flexible material from said 
mold cavity and carefully slidably removing the io 
pump body core from said vestibule support rod 

and outwardly through an inlet aperture provided in 
one edge of said pump body portion and removing 
the vestibule core through an outlet opening pro- 
vided in said vestibule. 15 

15. A method of making a surgically implan- 
table shunt as described in Claim 14 wherein the 
inlet and outlet openings in said pump body portion 
are sized in accordance with the elasticity of the 
material used so that said cores can be extracted 20 
from the interior of said pump body portion without 
tearing or otherwise damaging the material. 

16. A method of making a surgically implan- 
table shunt as described in Claim 15 wherein the 
diameter of the first .rod support member for said 25 
vestibule core is sized to provide the desired outlet 
opening from said pump body portion. 

17. A method of making a surgically implan- 
table shunt as described in Claim 14 which further 
includes the steps of molding a connector plug with 30 
the connecting portion having an outside diameter 

the same as the inlet aperture in said pump body 
portioin and forming an internal passageway there- 
through, and permanently mounting said connector 
plug within said inlet aperture of said pump body 35 
portion to provide an inlet opening for the at- 
tachement of the inlet catheter to said pump body 
portion. 
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